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Description 

[0001] The United States Government has rights in 
this invention pursuant to Contract Number W- 
7405-ENG-48 between the United States Department 
of Energy and the University of California for the oper- 
ation of Lawrence Livermore National Laboratory. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to the field of 
proximity sensors; and more particularly to field distur- 
bance sensor technology. 

Description of Related Art 

[0003] Field disturbance sensors provide a class of 
motion detectors which have a wide range of applica- 
tions, such as automotive burglar alarms, house intru- 
sion safety and robotic sensors, industrial counting and 
process control, automatic door openers, and automo- 
tive obstacle detection. 

[0004] These sensors operate basically by transmit- 
ting an electromagnetic signal, and detecting reflected 
energy in a sensor field. The reflected energy in the sen- 
sor field will reach a steady state, when there is no mo- 
tion within the field. If an object which absorbs or reflects 
the electromagnetic energy enters the field, then chang- 
es in the reflected energy are detected. Field distur- 
bance sensors operating at microwave frequencies are 
essentially identical to continuous wave (CW) Doppler 
microwave sensors. 

[0005] Existing designs suffer several significant 
problems which limit their application In particular, they 
are subject to false alarms caused by interference from 
other transmitters close to the field of the sensor, or 
caused by oversensitivity of this type of sensor at close 
range. 

[0006] The field disturbance sensors of the prior art 
rely on relatively high power microwave energy in most 
applications. These high power microwave applications 
are limited by communication regulations to a relatively 
narrow band, which is quite crowded. For instance, the 
existing field disturbance sensors often operate in the 
same frequency band as microwave ovens and other 
high power microwave devices. This subjects the sen- 
sors to false readings caused by external transmitters 
in the range of the receiver on the sensor. Because the 
allocated frequency range for such uses is relatively nar- 
row, the number of channels which can be used for 
these purposes is limited. Thus, the number of sensors 
which may be used in a given field is limited. 
[0007] Field disturbance sensors of the prior art are 
also hypersensitive at close range. Thus, a sensor 
which is tuned to detect motion of a person at about 1 0 
feet, will emit a false alarm when an insect lands on the 



surface of the antenna. This problem arises because the 
sensitivity of the device falls off as function of 1/R 2 , 
where R is the distance from the transmitter to the re- 
flecting object. Also, this hypersensitivity subjects the 

5 sensors to false alarms from vibrations or other mechan- 
ical disturbances to the sensor. 
[0008] Accordingly, it is desirable to provide a field dis- 
turbance sensor which overcomes the false alarm prob- 
lems of prior art designs. Also, it is desirable to provide 

10 a system which allows multiple sensors to be placed in 
a single field without interference. 

SUMMARY OF THE INVENTION 

15 [0009] The present invention provides an improved 
field disturbance sensor which operates with relatively 
low power, provides an adjustable operating range, is 
not hypersensitive at close range, allows co-location of 
multiple sensors, and is inexpensive to manufacture. 

20 [001 0] The present invention can be characterized as 
a sensor which includes a transmitter that transmits a 
sequence of transmitted bursts of electromagnetic en- 
ergy. The sequence of bursts has a burst repetition rate, 
and each burst has a burst width and comprises a 

25 number of cycles at a transmitter frequency. The sensor 
includes a receiver which receives electromagnetic en- 
ergy at the transmitter frequency. The receiver includes 
a mixer which mixes a transmitted burst with reflections 
of the same transmitted burst to produce an intermedi- 
al ate frequency signal. The intermediate frequency is pro- 
duced by modulating the transmitter frequency or am- 
plitude at the intermediate frequency. Circuitry, coupled 
to the receiver and responsive to the intermediate fre- 
quency signal indicates disturbances in the sensor field. 

35 Because the mixer mixes the transmitted burst with re- 
flections of the transmitted burst, the burst width defines 
the sensor range R to be about 1/2 of a burst width. 
[0011] According to another aspect of the invention, 
burst rate modulation circuitry is coupled with the trans- 

40 mitter for modulating the burst repetition rate. I n one as- 
pect, the burst repetition rate is randomly or pseudo-ran- 
domly modulated so that bursts in the sequence of 
bursts have a time of occurrence relative to the nominal 
rate which varies over a range greater than the burst 

45 width. 

[0012] In one system, the transmitter frequency is on 
the order of gigaHertz (e.g., 2GHz), the burst repetition 
rate is on the order of megaHertz (e.g., 1 MHz), and the 
intermediate frequency is on the order of kiloHertz (e.g., 

50 10KHz). A burst may have a number of cycles on the 
order of 2-40 at the transmitter frequency. This produces 
a low duty cycle for the sequence of bursts. By modu- 
lating the time of occurrence of the sequence of bursts 
by more than the burst width, the likelihood that any two 

55 transmitters will generate a burst coincident with the 
burst of another transmitter and in a phase relationship 
which causes a significant response in the IF receiver 
is low. Also, the low likelihood that the intermediate fre- 
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quency oscillators of two sensors will coincide to a de- 
gree resulting in significant interference further reduces 
the probability of false detection. Thus, inherent chan- 
nelization of the sensor is provided, allowing multiple 
sensors to be used in a single field. 
[0013] According to another aspect of the invention, 
the transmitter frequency is modulated by changing the 
transmitter frequency between a first frequency and a 
second frequency at the intermediate frequency. The 
first frequency relates to this second frequency such that 
the phase of pulses at the end of the burst at the first 
frequency differs from the phase of pulses at the end of 
the burst at the second frequency by less than one cycle, 
and preferably by about 1/2 cycle. The intermediate fre- 
quency signal generated by the mixer will indicate the 
relative magnitudes of the reflections at the f i rat frequen- 
cy and the second frequency. These relative magni- 
tudes are a function of the difference in phase between 
the pulses at the beginning and end of a burst at the first 
frequency and the difference in phase at the beginning 
and end of a burst at the second frequency at the re- 
ceiver, and by the magnitude of the reflection. Because 
the difference in phase at short range is much less than 
the difference in phase at the maximum range, the sen- 
sitivity of the device at close range is reduced relative 
to the sensitivity at the sensor maximum range. 
[0014] Accordingly, a transmitter may be typically 
centered at 2.0 or 6.5GHz, or higher, to transmit an RF 
burst with a burst width that is equal in time to the two- 
way time of flight at the maximum detection range. Since 
the transmitted burst is used for the receive mixer (so- 
called homodyne operation), there is no mixing action if 
the reflected signal comes back after the transmitter has 
stopped transmitting. Thus, the width provided by the 
burst width control of the transmitter controls the maxi- 
mum detection range. The burst repetition rate is noise 
modulated in a preferred system to prevent coherent 
collisions with other sensors, and to prevent beat fre- 
quencies with RF interference. This is facilitated by in- 
tegrating a large number of received bursts in a lowpass 
filter. Typically, the burst repetition rate is on the order 
of 1 megahertz and, the lowpass filter has a 1 0 millisec- 
ond response to integrate about 1 0,000 bursts to facili- 
tate the channelization. 

[0015] The receive mixer may be a single diode circuit 
followed by a bipolar transistor amplifier for low noise 
operation. Due to the low duty cycle of the sensor in a 
preferred application, the receiver functions as a sample 
and hold circuit to stretch the detected signal from one 
burst repetition cycle to the next. 
[0016] Low duty cycle operation reduces total RF 
emission levels to the point that operation under Federal 
Communications Commission (FCC) part 15 regula- 
tions is possible, opening large spectral regions for use 
and eliminating the need fortight frequency control. An- 
other aspect of low duty cycle operation is low power 
consumption. If the burst width is 10 nanoseconds, the 
repetition interval is 10ns, the transmit current is re- 



duced a thousand-fold, permitting multi-year continuous 
operation on batteries. 

[0017] Another novel feature is provided by the fre- 
quency modulation of the transmitting oscillator, which 
5 periodically shifts the transmit frequency at the interme- 
diate frequency of, for instance, 1 0 KHz. This causes a 
square wave to appear in the intermediate frequency at 
the mixer output. An intermediate frequency amplifier 
coupled to the receive mixer cannot pass frequencies 
10 at the burst repetition rate or at DC, and responds to 
changes in the average received echoes which vary with 
the emitted frequencies. Tying in with the homodyne op- 
eration forclose returns, there is very little effect induced 
by the frequency modulation on the reflected signal, and 
*5 there is little intermediate frequency signal to be ampli- 
fied. For distant returns at near the maximum range, the 
frequency modulation is set to provide a full 1/2 cycle 
shift in the received echoes at the two frequencies, or 
in the total number of RF cycles included within the burst 
width. Thus, targets at the maximum range provide a 
Doppler response with a full 180° phase reversal be- 
tween the first and second frequencies of the modula- 
tion. Since the intermediate frequency amplifier passes 
signals that vary at the modulation rate, and with an am- 
plitude that corresponds to the magnitude of the phase 
reversal, there is no sensitivity at zero range, and max- 
imum sensitivity at the maximum range compensating 
for the natural loss in sensitivity with increasing range. 
[0018] A second range-defining mode transmits two 
radio frequency bursts, where the time spacing between 
the bursts defines the maximum range divided by two. 
The first transmitted RF burst propagates out to a target, 
and after a time lapse, echoes back to the sensor. The 
sensor generates a second RF burst after the same time 
lapse, and a mixing action occurs between the second 
pulse and the echo pulse that results in a range-gated 
detection process. Echoes that arrive after the second 
RF burst are not mixed in the detector, and thus, the 
sensor is not responsive to these outlying echoes. This 
mode maintains constant radiated power levels inde- 
pendent of range setting, particularly when set to long 
detection ranges. This can be a critical factor in meeting 
FCC and other regulatory agency emission limits for ap- 
plications requiring long detection ranges. In compari- 
son, the emitted pulse width in the previous mode de- 
fines the range as well as the average emitted power 
(average emission power is directly proportional to 
range). 

[0019] Accordingly, an improved field disturbance 
sensor has been provided, which is range gated, allows 
for multiple sensors in a single field, and which over- 
comes the hypersensitivity at close range of the prior 
art. Furthermore, the system is simple to manufacture, 
low cost, and operates with such low power that multi- 
year battery operation is possible. 
[0020] Other aspects and advantages of the present 
invention can be seen upon review of the figures, the 
detailed description, and the claims which follow. 
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BRIEF DESCRIPTION OF THE FIGURES 
[0021] 

Fig. 1 is a block diagram of a range-gated field dis- 
turbance sensor. 

Fig. 2 is a timing diagram illustrating the frequency 
modulation features of the present invention. 
Fig. 3 is a timing diagram illustrating a mixing and 
range-gating operation. 

Fig. 4 is a piot showing the performance of a 
sensor . 

Fig. 5 is a schematic diagram of a sensor. 

Fig. 6 is a schematic diagram of a sensor. 

Fig. 7 is a schematic diagram of a battery power 

supply for use with the circuit of Fig. 6. 

Fig. 8 is a table of component values of Fig. 6 at two 

transmitter frequencies. 

Fig. 9 is a block diagram of the sensor according to 
the present invention. 

Figs. 10A, B depict the radiated pulses and associ- 
ated spectrum from the embodiment of Fig. 9. 
Fig. 11 is a schematic diagram of the embodiment 
of Fig. 9. 

DETAILED DESCRIPTION 

[0022] A detailed description of embodiments of the 
present invention is provided below with respect to the 
figures. 

[0023] Fig. 1 is a block diagram of a range-gated field 
disturbance sensor with range sensitivity compensa- 
tion. The basic system includes a gated RF oscillator 1 0 
which drives a transmitting antenna 11, The gated RF 
oscillator 1 0 generates a sequence of bursts having a 
burst width determined by a burst width modulator 12 
which is connected across line 13 to the gated RF os- 
cillator. The burst width modulator 12 defines a burst 
width in response to an input control 14 to select the 
range of the device. The burst repetition rate is deter- 
mined by a clock 15 which drives the burst width mod- 
ulator. Clock 15 is phase modulated by a random source 
16, such as noise which may be amplified to produce a 
modulation signal, or may be inherent in the burst rep- 
etition rate osciilator. Also, pseudo random modulation 
may be used. 

[0024] The gated RF oscillator 10 is frequency mod- 
ulated by an intermediate frequency source 1 7 connect- 
ed to the gated RF oscillator 10 across line 18. 
[0025] The transmitted burst 1 9 reflects off a target 20 
and the echo is detected by a receive antenna 21 . The 
receive antenna 21 drives an RF mixer 22, which is also 
coupled to the transmitted signal, as schematically illus- 
trated by iine 34. The output of the RF mixer 22 is cou- 
pled to an intermediate frequency amplifier 23 which is 
tuned to the frequency ofthe FM intermediate frequency 
source 1 7. The output of the intermediate frequency am- 
plifier 23 is coupled to a synchronous rectifier 24, which 



is synchronized by the FM intermediate frequency 
source 17. The output of the rectifier 24 is supplied 
through a lowpass filter 25 and baseband amplifier 26 
to a threshold detection circuit, generally 27. The thresh- 
5 old detection circuit comprises a first comparator 28 
having a negative input coupled to a positive threshold 
value 29, and a positive input coupled to the output of 
the baseband amplifier 26. Also, the threshold detector 
includes a second comparator 30 having a negative in- 
fo put coupled to the output of the baseband amplifier 26 
and the positive input coupled to the negative threshold 
31 . When the amplitude of the output of the baseband 
amplifier 26 exceeds the thresholds, an alarm signal is 
supplied on line 32 to drive an alarm circuit, such as a 
is beeper 33 or other responding apparatus. The beeper 
33 may be replaced, for instance, by a switch which 
drives a wide variety of responding apparatus. 
[0026] Also, rather than driving a threshold detection/ 
alarm circuit, as illustrated in Fig. 1 , the output of the 
baseband amplifier may be digitized and processed to 
determine the characteristics of the disturbance shown 
in the received signals, such as velocity of motion, size, 
etc. 

[0027] In one designed system, the gated RF oscilla- 
tor generates a burst of about 2 gigaHertz. The FM os- 
cillator 1 7 operates at about 1 0KHz, and modulates the 
output frequency of the oscillator 10 between, for in- 
stance, 2.00GHz and 2.1 0GHz. The burst repetition fre- 
quency defined by the oscillator 15 in this embodiment 
is about 2MHz. The noise source 16 preferably modu- 
lates the phase of the burst repetition frequency oscilla- 
tor 15 over an equivalent range substantially greater 
than the burst width. 

[0028] The burst width defines the range of the de- 
vice, because RF mixing at the mixer 22 only occurs dur- 
ing transmission of the burst. In the 2GHz system men- 
tioned above, the burst width may be on the order of 2 
to 40 cycles or so of the gated RF oscillator 1 0, providing 
a low duty cycle for the transmitter, and therefore a low 
power consumption. At a 2GHz transmitter frequency, 
and a range of about 12 inches, the burst width should 
be about 4 cycles, or about 2 nanoseconds. 
[0029] Fig. 2 illustrates certain characteristics of the 
bursts in the sequence of bursts. As illustrated in Fig. 1 , 
the RF oscillator is frequency modulated with a square 
wave at approximately 10KHz. Thus, the burst will be 
generated with a first low frequency f L , and a second 
high frequency f H . Frequencies are only slightly different 
from one another as illustrated in Fig. 2. Thus, in the 
near range, such as after four cycles, the difference in 
phase at a given distance between the two frequencies 
(A<{> N ) is very slight. However, at the end of the burst, the 
difference in phase at the end of the burst between the 
two frequencies (Ac|> F ) is about 180°. Thus, the head 60 
of the burst at frequency f H is about in phase with the 
tail 61 for a given burst width for a relative phase shift 
of about 0°. In contrast, the head 62 of the burst at fre- 
quency f L is about 1 80° out of phase with the tail 63 for 
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a relative phase shift of about 180° at the same burst 
width. This provides a full 180° phase reversal at the 
intermediate frequency in the echo received from ob- 
jects at the maximum range based on the 180° relative 
phase shift difference. 

[0030] The sensor, according to a preferred embodi- 
ment, has a relative phase shift difference of less than 
360° and, for best results, less than about 180°, be- 
tween the two RF frequencies at the maximum sensor 
range. 

[0031] The sensors, according to the present inven- 
tion, are operational even with a relative phase shift dif- 
ference of more than one cycle. However, when the rel- 
ative phase shift difference is greater than 1 80°, the sen- 
sitivity of the device will be reduced. Also, if the relative 
phase shift difference at a particular range falls to zero, 
then blind spots may be created within the sensor field. 
Thus, in the preferred system, which has an adjustable 
burst width, the frequency modulation is set so that at 
maximum range the relative phase shift difference is 
about 1 80°. so that as the range is tuned by shortening 
the burst width , the relative phase shift difference is less 
than 180°. For very short range operation, the relative 
phase shift difference will be slight. The particular rela- 
tion selected for a given design will depend on the char- 
acteristics of the field in which the sensor is deployed, 
and the components used to implement the sensor. 
[0032] Thus, for instance, there may be N cycles at 
the transmitted frequency f L , for a given burst width. For 
this embodiment, at the transmitted frequency f H , there 
may be N+1/2 cycles in the burst width for the higher 
frequency. Of course, the absolute number of cycles in 
a burst will vary depending on the circuits used to gen- 
erate the bursts. But the phase relationship can be en- 
forced by controlling the transmitter frequency. 
[0033] Fig. 3 illustrates the mixing function of the re- 
ceived cycle. Thus, in Fig, 3, the trace 50 illustrates the 
transmitted burst. The trace 51 illustrates a receive re- 
flection. Trace 52 illustrates the period during which mix- 
ing occurs. That is, mixing occurs from the beginning of 
the reception of the reflected signal at point 53 until the 
end of the transmitted signal at point 54. 
[0034] Also illustrated at trace 52 are the magnitudes 
of the received echoes at the low frequency f L and at 
the higher frequency f H . This difference in amplitude AA 
is a function of the distance at which the disturbance 
occurs as reflected in the difference in phase between 
the transmitted burst and the received reflections, as 
well as the magnitude of disturbance. In the actual sys- 
tem, the intermediate frequency signal is based on in- 
tegrating a large number of the mixed signal pulses, os- 
cillating between the f H and f L values at the intermediate 
frequency. Thus, at very close ranges, the differences 
in magnitude due to the frequency modulation for a giv- 
en magnitude of disturbance will be lower than the dif- 
ference in magnitude of the mixed signal at longer 
range. 

[0035] Fig. 4 illustrates the performance of the sensor 



over its set range, showing that the sensitivity does not 
increase substantially at close range. Thus, in Fig. 4, the 
intermediate frequency response sampled at the output 
of the baseband amplifier 26, for instance, is illustrated. 
5 With the range set at about 12 inches, this signal was 
generated by moving a hand in to touch the transmitter 
and then back out. As can be seen at the close range 
at point 70, the amplitude of the signal is not substan- 
tially greater than at about 6 inches at point 71 . Fig. 4 
10 also illustrates that outside the range, there is little in- 
termediate frequency signal generated. 
[0036] Fig. 5 is an electrical schematic diagram of a 
sensor which was used in generation of the plot of Fig. 
4. The transmitter is driven by a radio frequency transis- 
15 tor 1 00 which is biased to oscillate at the transmitter fre- 
quency. The collector of the transistor 1 00 is coupled to 
antenna 1 01 , and across an inductance 102 (simply in- 
herent in the physical layout) to bias node 1 03. The bias 
node 103 is coupled across a capacitor 104 to ground, 
20 and through resistor 1 05 to an FM oscillator composed 
of inverter 1 06 and inverter 1 07. The inverter 1 06 drives 
the output of the FM oscillator, and is connected in feed- 
back across capacitor 108 to the input of inverter 107. 
Also, the output of inverter 1 07 is coupled across resis- 
ts tor 109 to its input. 

[0037] Node 103 is also connected across resistor 
110 to capacitor 111 which is coupled on its opposite 
terminal to ground. The cathode of diode 11 2 is coupled 
to the capacitor 111, and its anode is coupled to the cath- 
30 ode of diode 113. The anode of diode 1 1 3 is coupled to 
a 5 volt supply. Also, the anode of diode 112 and the 
cathode of diode 113 are coupled across capacitor 114 
to the output of inverter 115. The input of inverter 1 1 5 is 
coupled to the burst repetition frequency oscillator set 
35 at about 2MHz, composed of inverter 116 and inverter 
1 1 7. The output of inverter 1 1 6 is coupled to the input of 
inverter 115, and across capacitor 118 to the input of 
inverter 1 1 7. Also, the output of inverter 1 1 7 is connect- 
ed across resistor 11 9 to its input 
40 [0038] A variable resistance composed of potentiom- 
eter 1 20 in series with resistor 121 , and parallel resistor 
122 are coupled from the output of inverter 117 to the 
input of inverter 123. Also, the input of inverter 123 is 
connected across capacitor 124 to ground. The output 
45 of inverter 123 is connected across resistor 199 to the 
emitter of the oscillating transistor 100. Also, capacitor 
125 is connected from the emitter of transistor 100 to 
ground. 

[0039] The base of transistor 1 00 is driven through in- 
50 ductor 1 26 by the output of inverter 1 1 6 at the burst rep- 
etition rate frequency. 

[0040] In operation, the frequency of oscillation of the 
transistor 100 is varied by the bias at node 103. This 
bias is modulated at 7KHz by the oscillator composed 
55 of inverters 107 and 106. The transistor 100 oscillates 
when the base to emitter voltage is above its threshold. 
This occurs on the rising edge of the output of inverter 
116 for short burst length determined by the delay in- 
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duced by the RC network composed of resistors 120 
through 1 22 and capacitor 1 24, as driven through invert- 
er 123. Thus, when the output of inverter 123 rises, the 
difference in voltage between the base and emitter of 
transistor 100 falls below the threshold, turning off the 
oscillator Thus, on the rising edge of the output of in- 
verter 116, a short burst is emitted by antenna 101 hav- 
ing a burst length which can be adjusted by adjusting 
potentiometer 120. Thus, this circuit sets the burst 
length for the transmitter circuit. Unwanted variations in 
burst width are minimized when inverters 116 and 123 
are matched through common monolithic integration. 
With a 2MHz burst repetition rate and a 7KHz frequency 
modulation rate, there are about 6500 bursts per IF cy- 
cle. 

[0041] The receiver includes receiving antenna 150 
which is coupled to node 1 51 . From node 151 , an induc- 
tor 152 is coupled to ground. Also, the cathode of 
Schottky diode 153 is coupled to node 151 . The anode 
of diode 153 is connected across capacitor 154 to 
ground and across resistor 155 to a positive 5 volt sup- 
ply, and is coupled through capacitance 156 to an inter- 
mediate frequency transistor 157 connected as an am- 
plifier. Thus, the base of transistor 157 is connected 
across resistor 1 58 to its collector. Also, the collector is 
coupled across resistor 1 59 to a 5 volt supply. The emit- 
ter of transistor 157 is connected to ground. The collec- 
tor of transistor 1 57 is connected through capacitor 1 60 
to an intermediate frequency amplifier composed of in- 
verter 1 61 with resistor 1 62 connected in feedback. The 
output of inverter 1 61 is connected to a sample and hold 
circuit composed of transistor 163 having its base con- 
nected across resistor 1 64 to the output of inverter 1 07 
in the FM oscillator. The collector of transistor 163 is 
connected to a first terminal of capacitor 1 65. The sec- 
ond terminal of capacitor 165 is connected to ground. 
Also, the collector of transistor 1 63 is connected through 
capacitor 166 and resistor 167 to the input of inverter 
168 which is connected as a baseband amplifier. The 
resistor 169 and capacitor 170 are connected in parallel 
and in feedback across inverter 168. The output of in- 
verter 1 68 is connected across resistor 1 71 to the input 
of inverter 172 which is connected as an amplifier with 
resistor 173 and capacitor 174 in parallel and in feed- 
back. The output of inverter 172 is connected through 
capacitor 175 and resistor 176 to the input of inverter 
177. Resistor 178 is connected in feedback across in- 
verter 1 77. The output of inverter 1 77 drives a threshold 
detection circuit. The input of the threshold detection cir- 
cuit is node 1 98. A first resistor 1 79 is coupled between 
node 198 and the input of inverter 180. Also, resistor 
1 81 is connected between the input of inverter 1 80 and 
a 5 volt supply. A second resistor 182 is connected be- 
tween node 178 and inverter 183. Also, resistor 184 is 
connected between the input of inverter 183 and 
ground. The output of inverter 1 80 is connected through 
diode 1 85 to node 1 86. The output of inverter 1 83 is con- 
nected through inverter 1 87 and diode 1 88 to node 1 86. 



Node 186 is connected across RC network composed 
of resistor 1 89 and capacitor 1 90 to the gate of transistor 
191. Also, resistor 192 is connected between the gate 
of transistor 191 and ground. The source of transistor 
5 1 91 is connected to ground, the drain of transistor 1 91 
is connected through resistor 1 93 to a beeper 1 94 which 
is biased with resistor 1 95 and bypassed with capacitor 
196. 

[0042] Thus, in operation, the transmitted signal is 

10 coupled to the receiving antenna by proximity of the 
transmitter and receiver. The reflected signal is received 
by the receive antenna and mixed at diode 153. Each 
cycle of the mixed signal is sampled by diode 1 53, and 
charges capacitor 1 54 to the magnitude of the sampled 

15 signal. The magnitude of the voltage on capacitor 1 54 
will vary at the intermediate frequency as described 
above. This intermediate frequency signal is coupled 
through the amplifier composed of transistor 157 and 
inverter 1 61 to the sample and hold circuit driven by tran- 

20 sistor 1 63. The transistor 1 63 is synchronized with the 
modulation frequency of the transmitter to sample and 
hold the average magnitude of the mixed signal. The 
average magnitude is amplified and supplied to a peak 
detection circuit. By setting the trip value on the peak 

25 detection circuit, the sensitivity of the sensor can be se- 
lected. 

[0043] In the preferred system, the transmitting and 
receiving antennae 101 and 150 are formed with 1-1/2 
inch lengths of wire arranged in a dipole for a 2GHz 

30 transmitter frequency, and positioned so that the trans- 
mitted signal is coupled to the receiving antenna with a 
magnitude sufficient for the mixing operation. 
[0044] The burst repetition frequency generator is 
modulated by noise inherent in the inverters selected for 

35 the embodiment illustrated in Fig. 5, so no additional 
modulation circuitry is necessary. 
[0045] With the component values illustrated in the 
figure, this circuit is range tunable from about zero to 
about 12 feet. The modulation of the RF oscillator is set 

40 for approximately 1 80° phase reversal at the maximum 
range. 

[0046] Fig. 6 illustrates an alternative of the range- 
gated proximity sensor. In this circuit, the RF oscillator 
is driven by transistor 200. The base of transistor 200 is 

45 connected to ground through inductor 254. The emitter 
of transistor 200 is connected across capacitor 201 to 
ground and across resistor 202 to node 203. Node 203 
is connected across resistor 204 to ground and across 
capacitor 205 to a 2MHz burst repetition rate oscillator. 

50 This oscillator includes inverter 206 and inverter 207 
connected in series. The output of inverter 207 is con- 
nected to capacitor 205, and across capacitor 208 to the 
input of inverter 207. Also, the output of inverter 207 is 
connected across resistor 209 to its input. 

55 [0047] The collector of transistor 200 is modulated 
through inductor 255 by the signal at node 21 0 which is 
connected across capacitor 21 1 to ground and across 
resistor 212 to a 5 volt supply. Also, node 210 is con- 
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nected across resistor 213 to the output of the modulat- 
ing oscillator which is composed of inverters 214 and 
215 in series. The output of inverter 214 is connected 
across capacitor 216 to the input of inverter 215. Also, 
the output of inverter 215 is connected across resistor 
21 7 to its input. 

[0048] The receiver shares the antenna 218 which is 
driven by the oscillator 200. Thus, the receiver compris- 
es Schottky diode 219 having its anode connected to 
antenna 21 8. The cathode of diode 219 is connected to 
node 220. Capacitor 221 is connected from node 220 to 
ground. Resistor 222 is connected from node 220 to 
ground. Also, node 220 is connected through capacitor 
223 and resistor 224 to an amplifier composed of invert- 
er 225 with resistor 226 connected in feedback. The out- 
put of inverter 225 is connected across resistor 227 to 
the input of inverter 228. The output of inverter 228 is 
driven through diode 229 to node 230. Resistor 231 is 
connected from node 230 to the input of inverter 228. 
Also, capacitor 232 is connected from node 230 to 
ground. Node 230 is connected through capacitor 233 
and resistor 234 to the input of inverter 235. The voltage 
at node 230 is the peak detected value of the IF signal 
supplied by IF amplifier 225. Resistor 236 is connected 
in feedback from the output of inverter 235 to its input. 
Also, the output of inverter 235 is connected across re- 
sistor 237 to the input of inverter 238. The output of in- 
verter 238 has resistor 239 and capacitor 240 coupled 
in parallel and in feedback. The output of inverter 238 is 
connected through capacitor 241 and resistor 242 to the 
input of inverter 243. Inverter 243 has resistor 244 and 
capacitor 245 connected in feedback. The output of in- 
verter 243 is connected through capacitor 246 and re- 
sistor 247 to node 248. Node 248 is also connected 
across resistor 249 to ground. Also, the output of invert- 
er 243 is connected through resistor 250 to the input of 
inverter 251 . The input of inverter 251 is connected 
across resistor 252 to the positive supply. The output of 
inverter 251 is a signal on line 253 indicating detection 
of a disturbance in the field. Also, node 248 may be used 
to drive such alarm circuitry as desired. 
[0049] This circuit of Fig. 6 is driven by a power supply 
such as shown in Fig. 7. Thus, a 9 volt battery 275 is 
connected through a power switch 276 to a converter 
circuit which includes capacitor 277 coupled from the 
switch 276 to ground, and a voltage converter circuit 278 
having an output 279 of about 5 volts. Also, the output 
279 is connected across capacitor 280 to ground. The 
5 volt supply is used to drive the circuitry illustrated in 
Fig. 6. 

[0050] The frequency of the transmitter can be adjust- 
ed as suits the needs of a particular design. For a 2GHz 
center frequency, the values of labelled components are 
illustrated in Fig. 8. Also, for a 6.5GHz center frequency, 
values illustrated in Fig. 8 can be used. 
[0051] The circuit designs illustrated in Figs. 5 and 6 
are composed of off-the-shelf components readily avail- 
able to persons of skill in the art, examples of the values 



of which are shown in the figures. It will be recognized 
that these circuits may be provided in application spe- 
cific integrated circuits (ASICs), or in other combinations 
of components as suits the needs of a particular design- 
5 er. 

[0052] The circuits described herein have RF trans- 
mitters which are frequency modulated at an intermedi- 
ate frequency. Alternative systems may have amplitude 
modulated RF transmitters, or transmitters modulated 

10 by other methods, using techniques known in the art of 
oscillator modulation. According to the invention, the RF 
oscillator is operated in a double burst mode, where a 
first burst is transmitted followed by a second burst with 
a fixed interval in between. The first burst will mix with 

15 the second only at a specific range determined by the 
inter-burst interval. This will save average power output 
for longer ranges, while preventing disturbances at clos- 
er ranges from being measured. Also, other envelope 
shaping techniques could be employed for various ef- 

20 fects. 

[0053] Referring to Fig. 9, showing an embodiment of 
the invention, a pulse repetition frequency or PRF oscil- 
lator 80 supplies square waves to a driver 81 in a first 
path 82. The square waves from PRF oscillator 80 also 

25 pass through a delay 83 to a driver 84 in a second path 
85. Delay 83 is an adjustable range delay which sets the 
range and is set by range adjustment 86. The two drivers 
81, 84 are connected to respective pulse forming net- 
works (PFNs) 87, 88 that change the square waves into 

30 impulses. Thus a pulse from PRF oscillator 80 produces 
an impulse from PFN 88 that is delayed with respect to 
the impulse from PFN 87. The impulses provided by the 
PFNs 87, 88 are summed in a summation circuit 89 and 
applied to a pulsed RF oscillator 90. Thus there is an 

35 input to RF oscillator 90 whenever an impulse at either 
PFN 87 or 88 is produced. In response to each impulse, 
the RF oscillator 90 generates short bursts (pulses) of 
RF energy that are outputted to a single transmit/receive 
antenna 91 .Transmitted RF pulses are propagated from 

40 antenna 91 toward an object 92, and reflected pulses 
(echoes) from the object are received by antenna 91 . 
[0054] A diode detector 93 is connected to the anten- 
na 91 to provide mixing action between the reflected first 
pulse (burst) and the generated second pulse (burst). 

45 Since the generated second pulse occurs after a delay, 
it mixes with echoes of the first radiated pulse that arrive 
back at the antenna 9 1 after the same delay. This mixing 
action produces a steady DC level at the diode detector 
93, as a result of averaging detected signals over many 

50 cycles of the PRF oscillator 80, until the reflecting target 
92 moves. A moving target 92, at a range corresponding 
to the delay time divided by two, will produce a Doppler 
signal at the diode detector 93 as long as the target is 
within the range defined by the range delay 83 and the 

55 rf pulse width. Targets that lie outside this range do not 
produce echoes that return in time to be mixed by the 
second RF pulse. Therefore, this radar is range-gated. 
[0055] The range delay is preferably not more than 
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about 10% of the period of the PRF oscillator to elimi- 
nate interference effects due to range ambiguities. The 
PRF oscillator 80 typically operates at 2MHz (500 ns pe- 
riod), although it may operate over a wide frequency 
range, e.g. 1 0 kHz - 1 0 MHz. The range is typically about 
2 - 100 ft, which requires a 4 - 200 ns delay. Thus the 
two RF bursts produced by each PRF cycle do not in- 
terfere with bursts from another cycle because the PRF 
period is much longer. 

[0056] The Doppler output from the diode detector 93 
is amplified by a baseband amplifier 94 that has a typical 
gain of about 60dB and a bandwidth of about 0.5 to 1 00 
Hz. The baseband amplifier 94 is connected to a thresh- 
old comparator 95, so any Doppler signal above a level 
defined by the sensitivity adjustment 96 is detected and 
used to trigger an alarm output, generally a switch clo- 
sure. 

[0057] Illustrative RF pulses appearing at the antenna 
terminal are shown in Fig. 1 0A. They are 6.5 GHz bursts 
about 4 nanoseconds wide and separated by about 11 
nanoseconds, corresponding to about 5.5 feet of two- 
way travel. For reference, the emission spectrum is 
shown in Fig. 1 0B, and is seen to lie within the 5.5 - 7.2 
GHz low power device (LPD) band as defined by the 
FCC. Figs. 1 0A, B data was taken at a range of 0.3 me- 
ters with a 14 dB gain antenna. 
[0058] Fig. 1 1 is a schematic diagram of the radar em- 
bodiment of Fig. 9. PRF oscillator 80 is formed of a pair 
of inverters 301 , 302, first driver 81 is formed of inverter 
303 and second driver 84 is formed of inverter 304. 
Range delay 83 is adjusted through variable resistor R x . 
Negative transitions from CMOS inverters 303, 304 are 
differentiated by PFNs 87, 88 comprised of 22 picoFar- 
ad capacitors C1 and 270 ohm resistors R1 into nega- 
tive spikes several nanoseconds in width. These spikes 
are combined through summation diodes D1 and D2 at 
node 305 (summation circuit 89) and are then used to 
bias ON RF oscillator 90 formed of transistor Q1 which 
is preferably a GaAsFET. Q1 supplies RF bursts to the 
antenna that have a width and spacing that closely re- 
sembles the summation pulses at the D1 , D2 anodes. 
Schottky diode D6 of detector 93 peak detects the RF 
burst voltage and develops a steady DC voltage across 
the 0.01 microFarad capacitor C2 (signal averaging cir- 
cuit) connected to its cathode. This steady DC voltage 
represents an average over many pulses from the PRF 
oscillator, e.g. hundreds to thousands of pulses. When 
a target moves through a zone corresponding to the 
range defined by the second pulse, the diode's cathode 
voltage varies with an amplitude on the order of micro- 
volts to millivolts and with a frequency defined by the 
Doppler shift produced by the target, typically 0.5 to 1 00 
Hz for moving humans. This alternating signal is ampli- 
fied and threshold detected by operational amplifiers, as 
is well known in the art, to produce an alarm switch clo- 
sure. 

[0059] The temporal location of the second RF burst 
may be time hopped between two or more time slots for 



multiple range cell operation, as described in US Patent 
5,361,070. 

[0060] The range gated field disturbance sensor can 
be used for medical applications such as organ motion 

5 monitoring, e.g. respiration and/or heart rate. 

[0061] This radar embodiment differs from other 
range-gated radars (like airport radars) in that it uses a 
single transistor to transmit the pulse and to generate 
the receive mixer pulse, a single transmit/receive anten- 

10 na, a simple detector diode connected to the antenna, 
and an averaging circuit connected to the diode to pro- 
duce an average signal over many pulses. This range- 
defining embodiment transmits two radio frequency 
bursts, where the time spacing between the bursts de- 

15 fines the maximum range. The delayed pulse to the mix- 
er is generated by the same RF transistor as the first RF 
pulse which is propagated to the object and produces a 
reflected pulse which is combined in the mixer with the 
delayed pulse. The design is efficient and low cost be- 

20 cause only a single transistor, a single antenna, and a 
single diode are used. 



Claims 

25 

1. A sensor comprising: 

a PRF oscillator (80) for producing a sequence 
of PRF pulses having a PRF period; 

30 a first impulse generator (87) connected to the 

PRF oscillator (80) for generating a first im- 
pulse from each PRF pulse; 
an adjustable range delay (83) connected to the 
PRF oscillator (80) and producing a fixed delay; 

35 a second impulse generator (88) connected to 

the adjustable range delay (83) for generating 
a second impulse from each PRF pulse, the 
second impulse being delayed from the first im- 
pulse by the fixed delay; 

40 a summation circuit (89) connected to the first 

and second impulse generators; 
a single transistor pulsed RF oscillator (90) 
connected to the summation circuit for produc- 
ing a pair of RF bursts from each PRF pulse, 

45 namely a first burst from the first impulse and a 

second burst from the second impulse, the sec- 
ond burst being delayed from the first burst by 
the fixed delay; 

a single transmit/receive antenna (91 ) connect- 
50 ed to the pulsed RF oscillator (90) for transmit- 

ting the first burst toward an object (92) and re- 
ceiving reflected pulses from the object; 
a single diode detector (93) connected to the 
pulsed RF oscillator (90) and the transmit/re- 
55 ceive antenna (91 ) for mixing reflected pulses 

produced by the first burst with the second burst 
to produce a detected signal. 
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2. The sensor of Claim 1 wherein the single diode de- 
tector further comprises a signal averaging circuit 
for averaging the detected signals produced by a 
plurality of PRF pulses. 

3. The sensor of Claim 1 wherein the signal averaging 
circuit comprises a capacitor. 

4. The sensor of Claim 2 wherein the capacitor has a 
value which averages detected signals from hun- 
dreds to thousands of PRF pulses. 

5. The sensor of Claim 1 wherein the first and second 
impulse generators each comprise a driver and a 
pulse forming network connected to the driver. 

6. The sensor of Claim 1 wherein the fixed delay is 
equal to-the round trip time to an object at a selected 
range. 

7. The sensor of Claim 1 wherein the PRF oscillator 
has a frequency of about 10 kHz to about 10 MHz. 

8. The sensor of Claim 1 wherein the fixed delay is a 
fraction of the PRF period. 

9. The sensor of Claim 8 wherein the fixed delay is 
about 1 0% of the PRF period. 

10. The sensor of Claim 1 wherein the fixed delay is 
about 4 ns to about 200 ns. 

11. The sensor of Claim 1 wherein the single transistor 
of the RF oscillator is a GaAsFET. 

12. The sensor of Claim 1 wherein the single diode de- 
tector comprises a Schottky diode having its anode 
connected to the pulsed RF oscillator and transmit/ 
receive antenna, and a capacitor connected to its 
cathode. 

13. The sensor of Claim 1 further comprising a base- 
band amplifier connected to the single diode detec- 
tor. 

14. The sensor of Claim 1 further comprising a thresh- 
old detector connected to the baseband amplifier. 

15. A method for detecting the presence of a moving 
object at a selected range, comprising: 

producing a sequence of PRF pulses having a 
PRF period; 

generating a first impulse from each PRF pulse; 
generating a second impulse from each PRF 
pulse, the second impulse being delayed from 
the first impulse by a fixed delay corresponding 
to the selected range; 



inputting the first and second impulses into a 
pulsed RF oscillator formed of a single transis- 
tor and producing a pair of RF bursts from each 
PRF pulse, a first burst from the first impulse 

5 and a second burst from the second impulse, 

the second burst being delayed from the first 
burst by the fixed delay; 
transmitting the first burst from an antenna to- 
ward an object and receiving reflected pulses 

10 from the object at the same antenna; 

mixing reflected pulses produced by the first 
burst with the second burst in a single diode de- 
tector to produce a detected signal, and aver- 
aging a plurality of detected signals from a plu- 

15 rality of PRF pulses to produce an average DC 

detector signal; 

amplifying the average DC detector signal and 
producing an output signal when the amplified 
average DC detector signal exceeds a thresh- 
20 old level. 

16. The method of Claim 1 9 wherein the fixed delay is 
adjustably selected in the range of about 4 ns to 
about 200 ns. 

25 

Patents nsprUche 

1. Sensor, der folgendes umfasst: 

30 

einen PRF-Oszillator (80) zum Erzeugen einer 
Folge von PRF-lmpulsen mit einer PRF-Peri- 
ode; 

einen ersten Impulsgenerator (87), der mit dem 
35 PRF-Oszillator (80) verbunden ist, urn einen er- 

sten Impuls aus jedem PRF-lmpuls zu erzeu- 
gen; 

eine verstellbare Bereichsverzogerung (83), 
die mit dem PRF-Oszillator (80) verbunden ist 

40 und eine feste Verzogerung erzeugt; 

einen zweiten Impulsgenerator (88), der mit der 
verstellbaren Bereichsverzogerung (83) ver- 
bunden ist, urn einen zweiten Impuls aus jedem 
PRF-lmpuls zu erzeugen, wobei der zweite Im- 

45 puis im Verhaltnis zu dem ersten Impuls urn die 

feste Verzogerung verzogert wird; 
eine Summenbildungsschaltung (89), die mit 
den ersten und zweiten Impulsgeneratoren ver- 
bunden ist; 

50 einen Einzeltransistor-lmpuls-Hochfrequen- 

zoszillator (90), der mit der Summenbildungs- 
schaltung verbunden ist, um ein Paar von 
Hochfrequenzbiindeln aus jedem PRF-lmpuls 
zu erzeugen, namlich ein erstes Bundel aus 

55 dem ersten Impuls und ein zweites Bundel aus 

dem zweiten Impuls, wobei das zweite Bundel 
im Verhaltnis zu dem ersten Bundel um die fe- 
ste Verzogerung verzogert wird; 
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eine einzelne Sende-Empfangsantenne (91), 
die mit dem Impuls-Hochfrequenzoszillator 
(90) verbunden ist, um das erste Bundel in 
Richtung eines Objekts (92) zu senden und um 
die reflektierten Impulse von dem Objekt zu 5 
empfangen; 

einen einzelnen Diodendetektor (93), der mit 
dem Impuls-Hochfrequenzoszillator (90) und 
der Sende-Empfangsantenne (91) verbunden 
ist, um durch das erste Bundel erzeugte reflek- 
tierte Impulse mit dem zweiten Bundel zu mi- 
schen, um ein Erfassungsslgnal zu erzeugen. 

2. Sensor nach Anspruch 1 , wobei der einzelne Di- 
odendetektor ferner eine Signalmittelwertbildungs- 
schaltung zur Mittelwertbildung der erfassten, 
durch eine Mehrzahl von PRF-lmpulsen erzeugten 
Slgnale. 

3. Sensor nach Anspruch 1, wobei die Signalmittel- 
wertbildungsschaltung einen Kondensator um- 
fasst. 

4. Sensor nach Anspruch 2, wobei der Kondensator 
einen Wert aufweist, der eine Mittelwertbildung er- 
fasster Signale aus Hunderten bis Tausenden von 
PRF-Signalen vornimmt. 

5. Sensor nach Anspruch 1, wobei die ersten und 
zweiten Impulsgeneratoren jeweils einen Treiber 
und ein Impulsformernetzwerk umfassen, das mit 
dem Treiber verbunden ist. 

6. Sensor nach Anspruch 1 , wobei die feste Verzoge- 
rung der Umlaufzeit zu einem Objekt innerhalb ei- 
nes ausgewahlten Bereichs entspricht. 

7. Sensor nach Anspruch 1 , wobei der PRF-Oszillator 
eine Frequenz von etwa 10 kHz bis etwa 10 MHz 
aufweist. 

8. Sensor nach Anspruch 1 , wobei die feste Verzoge- 
rung einen Bruchteil der PRF-Periode darstellt. 

9. Sensor nach Anspruch 8, wobei die feste Verzoge- 
rung etwa 10% der PRF-Periode entspricht. 

10. Sensor nach Anspruch 1 , wobei die feste Verzoge- 
rung etwa 2 ns bis etwa 200 ns entspricht. 

11. Sensor nach Anspruch 1, wobei es sich bei dem 
Einzeltransistor des Hochfrequenzoszillators um 
einen GaAs-Feldeffekttransistor handelt. 

12. Sensor nach Anspruch 1, wobei der einzelne Di- 
odendetektor eine Schottky-Diode umfasst, werden 
Anode mit dem Impuls-Hochfrequenzoszillator und 
der Sende-Empfangsantenne verbunden ist, und 



wobei ein Kondensator mit der Kathode der Diode 
verbunden ist. 

13. Sensor nach Anspruch 1 , wobei der Sensor ferner 
einen mit dem einzelnen D i ode ndetektor verb und e- 
nen Basisbandverstarker umfasst. 

14. Sensor nach Anspruch 1 , wobei der Sensor ferner 
einen mit dem Basisbandverstarker verbundenen 
Schwellenwertdetektor umfasst. 

1 5. Verfahren zum Erfassen des Vorhandenseins eines 
sich bewegenden Objekts innerhalb eines ausge- 
suchten Bereichs, wobei das Verfahren folgendes 
umfasst : 

Erzeugen einer Folge von PRF-lmpulsen mit 
einer PRF-Periode; 

Erzeugen eines ersten Impulses aus jedem 
PRF-lmpuls; 

Erzeugen eines zweiten Impulses aus jedem 
PRF-lmpuls, wobei der zweite Impuls von dem 
ersten Impuls um eine dem ausgesuchten Be- 
reich entsprechende feste Verzogerung verzo- 
gert wird; 

Eingabe der ersten und zweiten Impulse in ei- 
nen Impuls-Hochfrequenzoszillator, der aus ei- 
nem Einzeltransistor gebildet wird und ein Paar 
von Hochfrequenzbundeln aus jedem PRF-lm- 
puls erzeugt, mit einem ersten Bundel aus dem 
ersten Impuls und einem zweiten Bundel aus 
dem zweiten Impuls, wobei das zweite Bundel 
um die feste Verzogerung von dem ersten Bun- 
del verzogert wird; 

Senden des ersten Biindels von einer Antenne 
in Richtung eines Objekts und Empfangen re- 
flektierter Impulse von dem Objekt an der glei- 
chen Antenne; 

Mischen durch das erste Bundel erzeugter re- 
flektierter Impulse mit dem zweiten Bundel in 
einem einzelnen Diodendetektor zum Erzeu- 
gen eines erfassten Signals, und Mittelwertbil- 
dung einer Mehrzahl erfasster Signale aus ei- 
ner Mehrzahl von PRF-lmpulsen zum Erzeu- 
gen eines mittleren Gleichstrom-Detektorsi- 
gnals; 

Verstarken des mittleren Gleichstrom-Detek- 
torsignals und Erzeugen eines Ausgangssi- 
gnals, wenn das verstarkte mittlere Gleich- 
strom-Detektorsignal einen Schwellenwert 
uberschreitet. 

16. Verfahren nach Anspruch 15, wobei die feste Ver- 
zogerung verstellbar innerhalb des Bereichs von et- 
wa 4 ns bis etwa 200 ns ausgewahlt wird. 
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R eve ndicat ions 

1 . Capteur comprenant: 

un oscillateur PRF (80) pour produire une se- 
quence compulsions PRF ayant une periode 
PRF; 

un premier generateur d'impulsions (87) con- 
nects a I'oscillateur PRF (80) pour produire une 
premiere impulsion a partir de chaque impul- 
sion PRF; 

un circuit de retardement (83) a gamme ajus- 
table connecte a I'oscillateur PRF (80) et pro- 
duisant un retard fixe; 

un second generateur d'impulsions (88) con- 
necte au circuit de retardement (83) a gamme 
ajustable pour produire une seconde impulsion 
a partir de chaque impulsion PRF, la seconde 
impulsion etant retardee par rapport a la pre- 
miere impulsion par le retard fixe; 
un circuit de sommation (89) connecte aux pre- 
mier et second generateur d'impulsions; 
un oscillateur RF pulse (90) a un seul transistor, 
connects au circuit de sommation pour produi- 
re une paire de salves RF a partir de chaque 
impulsion PRF, a savoir une premiere salve a 
partir de la premiere impulsion et une seconde 
salve a partir de la seconde impulsion, la se- 
conde salve etant retardee du retard fixe par 
rapport a la premiere salve; 
une seule antenne d'emission/de reception 
(91) connectee a Foscillateur RF puise (90) 
pour transmettre la premifcre salve en direction 
d'un objet (92) et recevoirdes impulsions refle- 
chies provenant de I'objet; 
un detecteur a diode unique (93) connecte a 
I'oscillateur RF pulse (90) et I'antenne d'emis- 
s ion/reception (91) pour melanger des impul- 
sions reflechies produites par la premiere salve 
avec la seconde salve pour produire un signal 
detecte. 



premier et second generateurs d'impulsions com- 
prennent chacun un etage d'attaque et un reseau 
de formation d'impulsions connecte a I'etage d'at- 
taque. 

5 

6. Capteur selon la revendication 1 , dans lequel le re- 
tard fixe est egal a la duree d'aller et retour a un 
objet situe a une port6e selectionnee. 

10 7. Capteur selon la revendication 1, dans lequel I'os- 
cillateur PRF possede une frequence comprise en- 
tre environ 10 kHz et environ 10 MHz. 

8. Capteur selon la revendication 1 , dans lequel le re- 
15 tard fixe est une fraction de la periode PRF. 

9. Capteur selon la revendication 8, dans lequel le re- 
tard fixe est egal a environ 1 0 % de la periode PRF. 

20 10. Capteur selon la revendication 1 , dans lequel le re- 
tard fixe est compris entre environ 4 ns et environ 
200 ns. 

11. Capteur selon la revendication 1, dans lequel le 
25 transistor unique de I'oscillateur RF est un transistor 

FET en GaAs. 

12. Capteur selon la revendication 1 , dans lequel le de- 
tecteur a diode unique comprend une diode Schot- 

30 tky, dont I'anode est connectee a I'oscillateur RF 
pulsee et a une antenne d'emission/de reception, 
et a la cathode duquel est connecte un condensa- 
tes. 

35 13. Capteur selon la revendication 1, comprenant en 
outre un amplificateur dans la bande de base con- 
necte au detecteur a diode unique. 

14. Capteur selon la revendication 1, comprenant en 
40 outre un detecteur de seuil connecte a I'amplifica- 
teur dans la bande de base. 



2. Capteur selon la revendication 1 , dans leq uel le de- 
tecteur a diode unique comprend en outre un circuit 
de formation de la moyenne de signaux pour former 
la moyenne des signaux detectes produits par une 
pluralite d'impulsions PRF 

3. Capteur selon la revendication 1, dans lequel le i 
circuit de formation de la moyenne des signaux 
comprend un condensateur. 

4. Capteur selon la revendication 2, dans lequel le 
condensateur possede une valeur qui forme la 
moyenne de signaux detectes produit par des cen- 
taines a des milliers d'impulsions PRF. 

5. Capteur selon la revendication 1 , dans lequel les 



15. Precede pour detecter la presence d'un objet mo- 
bile dans une portee selectionnee, comprenant les 
^5 etapes consistent a: 

produire une sequence d'impulsions PRF 
ayant une periode PRF; 
produire une premiere impulsion a partir de 
50 chaque impulsion PRF; 

produire une seconde impulsion a partir de cha- 
que impulsion PRF, la seconde impulsion etant 
retardee par rapport a la premiere impulsion 
d'un retard fixe correspondant a la portee se- 
55 lectionnee; 

introduire les premiere et seconde impulsions 
dans un oscillateur RF puise forme par un seul 
transistor et produisant une paire de salves RF 
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apartirdechaque impulsion PRF, une premiere 
salve provenant de la premiere impulsion et 
une seconde salve provenant de la seconde 
impulsion, la seconde salve etant retarded par 
rapport a la premiere salve et ce du retard fixe; 5 
emettre la premiere salve au moyen d'une an- 
tenne en direction d'un objet et recevolr des im- 
pulsions r6f!6chies de la part de I'objet au ni- 
veau de la m§me antenne; 
melanger des impulsions r6flechies produites 10 
par la premiere salve a la seconde salve dans 
un detecteur a diode unique pour produire un 
signal detecte, et former la moyenne d'une plu- 
rality de signaux d6tect6s a partir d'une plura- 
lity d'impulsions PRF pour produire un signal *5 
moyen du d&ecteur de composante continue; 
amplifier le signal moyen du dStecteur de com- 
posante continue et produire un signal de sortie 
lorsque le signal moyen amplifie du detecteur 
de composante continue depasse un niveau de 20 
seuil. 

16. Procede selon la revendication 19, dans lequel le 
retard fixe est selection ne" d'une maniere ajustable 
dans la gamme comprise entre environ 4 ns et en- 25 
viron 200 ns. 



12 



EP 0 901 642 B1 




13 



EP 0 901 642 B1 




EP0 901 642 B1 




15 



EP0 901 642 B1 




EP0 901 642 B1 




17 



EP 0 901 642 B1 



278 





CONVER.TER. 
CV&.CU <T 




2&o_ 










2*77^ 



lib 



1 



275 



FIG. 7 





2.0 gwx 


B. 5 <=»Hz 


















O 


U 






D 


1N57H 


.I5P 
METE LLltS 


Cvw 




5\p 



FIG. 8 



18 



EP 0 901 642 B1 




19 



EP 0 901 642 B1 




> 




I — -I 1 1 1 1 I I i » I 

5.5 OHX 6.5&W7 



FIG. 10 B 



20 



EP 0 901 642 B1 




21 



